Non-canonical functions of the DNA methylome in gene regulation.
Methylation of the cytosine base in DNA, DNA methylation, is an essential epigenetic mark in mammals that contributes to the regulation of transcription. Several advances have been made in this area in recent years, leading to a leap forward in our understanding of how this pathway contributes to gene regulation during embryonic development, and the functional consequences of its perturbation in human disease. Critical to these advances is a comprehension of the genomic distribution of modified cytosine bases in unprecedented detail, drawing attention to genomic regions beyond gene promoters. In addition, we have a more complete understanding of the multifactorial manner by which DNA methylation influences gene regulation at the molecular level, and which genes rely directly on the DNA methylome for their normal transcriptional regulation. It is becoming apparent that a major role of DNA modification is to act as a relatively stable, and mitotically heritable, template that contributes to the establishment and maintenance of chromatin states. In this regard, interplay is emerging between DNA methylation and the PcG (Polycomb group) proteins, which act as evolutionarily conserved mediators of cell identity. In the present paper we review these aspects of DNA methylation, and discuss how a multifunctional view of DNA modification as an integral part of chromatin organization is influencing our understanding of this epigenetic mark's contribution to transcriptional regulation.